INTRODUCTION
Soybean products are recognized to be healthy foods that are rich in fats, proteins, carbohydrates and trace elements and are free of cholesterol and lactose 1 . Soymilk, a traditional Asian beverage derived from soybean, is a turbid and stable colloidal solution 2 . Soymilk has the highest quality protein among grain crops and contains eight essential amino acids 3 . Soymilk also contains peptides, saponins, isoflavones, and oligosaccharides 4 . The bioactive compounds in soymilk are absorbed easily by the body and can provide beneficial health effects, including estrogen-like activity as well as protection against the development of hormone-dependent cancers, cardiovascular disease and hyperlipidemia 5, 6 .
Milk contains a rich mixture of proteins, fats, lactose and a variety of biologically active ingredients and is also easily digested and absorbed by the human body. Soymilk is the best source of high quality protein from plants in the human diet and has several physiological functions, including reducing blood fat, prevention of cardiovascular disease and osteoporosis and so on 7 9 . The soybean protein amino acid sequence is similar to that of human proteins, and its nutritional potency is equivalent to that of milk protein and egg protein, both of which are sources of high quality protein. Soymilk and milk mixtures combine the advantages of animal and plant proteins with characteristic complementary effects.
At present, soymilk protein is important for network formation in tofu 10, 11 and soymilk yogurt 12 , especially regarding protein. Additionally, milk protein is the main ingredient in yogurt. Soymilk is supplemented with milk to form a gel with glucono-δ-lactone GDL for the purpose of nutritional balance. Protein gels made from a mixture of protein particles from soymilk and milk show great potential as platforms for a new category of food products that are enriched in protein and provide additional health benefits 13 .
This concept is also applicable to traditional soy products, such as soy beverages and tofu, which can be used to generate a protein matrix for the development of novel food products 14 . The development and use of mixed foods from these raw materials soymilk and cow s milk would be useful. Soymilk-cow s milk gels are typically prepared by heating the mixture to denature proteins, followed by addition of ionic salts, such as MgCl 2 and CaCl 2 or bacterial cultures 15 .
At present, GDL is mainly used to make tofu and is also used as a gelling agent. The progress of GDL hydrolysis into gluconic acid in water is relatively slow; the development of the network structure of the protein molecules is a gradual process and helps to form a structure that leads to tenderness 16 . Our previous single-factor experiments heating and gel temperatures were evaluated. The presence of a significant amount of soy in mixed soymilk-milk products negatively affects consumer acceptance in the Western world, as soybeans tend to have a beany flavor 17 . The two-protein mix soybean protein and milk protein not only promotes the development of the soybean industry but also strengthens the complementary role of animal and vegetable proteins to optimize the dietary structure of products. This paper evaluates the textural and nutritional value of soymilk-cow s milk gels formed by the addition of glucono-δ-lactone GDL to obtain a new category of milk gel products for consumers.
MATERIALS AND METHODS

Sample Materials
Soybean was provided by the National Soybean Engineering and Technique Research Center Harbin, Heilongjiang Province, China . Cow s milk was obtained from Xiangfang Farm Harbin, Heilongjiang Province, China . Pasteurized milk was filtered and maintained at 4 .
Soymilk was prepared according to the following procedure. Soybeans were soaked with three-fold distilled water for 10 h at ambient temperature 20 after removing impurities and rinsing with water. After removing excess water, soybeans were ground with seven-fold distilled water using a soymilk grinder JY-Y99, Joyoung Household Electrical Appliances Co., Ltd., China for 5 min. The resulting slurry was filtered through a defatted cotton sheet, and raw soymilk was obtained.
Preparation of Gels
The obtained soymilk was mixed with 20 cow s milk V/ V to form mixed samples. All of the mixture samples were pre-heated to 100 for 10 min before addition of glucono-δ-lactone Baisheng Biotechnology Co., Ltd., China . After preheating, GDL was added to the mixture and maintained 75 for gel formation at a usage level of 0.10-0.35 W/V . In a second set of samples, casein micelles and soybean protein aggregation were obtained by addition of GDL. All samples were cooled and maintained at 4 for 24 h.
SDS-PAGE
Homogenized cow s milk and soymilk mixtures were analyzed by electrophoresis conducted according to Yan 18 .
Samples were centrifuged at 12,486 g at 25 for 15 min in a TGL-16K Centrifuge Xiangyi Instrument Development Co., Ltd., China . The cream layer was carefully removed and placed on filter paper. The sample amount was 20 μL. Ten microliters of 2-mercaptoethanol was added to the samples and heated for 2 min in a boiling water bath. Then, 5 μL of the mixture was loaded into a sample well. SDS-PAGE was performed at 15 mA. The gel was stained by Coomassie Brilliant Blue G-250 for 30 min.
Textural Properties
A TA.XT PLUS texture analyzer equipped with a 5-mm cylindrical probe was used to evaluate the textural properties of the gel. The gel was carefully stored in a refrigerator for 2 hours and cut to a 60-mm height before analysis. The texture analyzer was operated at a constant speed of 3.0 mm/s to a depth of 20 mm 19, 20 . Each sample was measured three times at three different gel positions.
Water holding capacity
And s centrifugation method 21 was used to evaluate the water holding capacity. A 2-g gel sample was placed in a centrifuge tube equipped with a strainer and then centrifuged Xiangyi Instrument Development Co., Ltd., China at 1500 rpm for 10 min.
WHC weight of gels weight of juice released / weight of gels 100
SEM Analysis of Gels Microstructure
The microstructure of the gels was studied by an EM-8000F SEM KYKY Technology Co., Ltd., China using the method of Wang 22 with slight modifications. The samples were cut into blocks 5 mm 5 mm 1 mm . Each block was immersed in 10 mL of 0.1 M phosphate buffer PB pH 7.2 with 2.5 glutaraldehyde for pre-fixation at 4 for 1.5 h. The pre-fixed samples were washed twice with 0.1 M PB pH 7.2 and dehydrated in a graded series of ethanol solutions 50 , 70 , 90 and 100 for 15 min. The dehydrated samples were transferred three times to t-butanol for 15 min, and the solvent was discarded. The fixed samples were frozen with liquid nitrogen and freeze-dried using a freeze-drier Yuming Instrument Development Co., Ltd., China . The samples were coated with Au. The gels were observed with a scanning electron microscope.
Particle Size Test
The distribution of the particle sizes of samples with different levels of GDL was determined by laser light scattering using a series particle size analyzer Beckman Coulter LS 230, Fullerton, USA with a small volume module sample platform. The dispersed phase of the refractive index was 1.570, and the correspondence to water was 1.333. Samples were allowed to stand at room temperature for 1 h before analysis. Each sample was measured in triplicate and expressed as the percentage of the volumetric particle size distributions.
Sensory Evaluation
Sensory evaluation was measured according to the method of Sano 23 and had little change. A panel of twelve panelists 6 women and 6 men; age, 23-40 years participated in this study. The gels were evaluated by these trained panelists under natural light in individual booths of Northeast Agricultural University. The samples were presented in white plastic cups, which were designated by a random three-digit code, to each panelist who was asked to describe the degree of liking of color, flavor, firmness, structure and tastiness of the samples according to the point scale, where 1 strongly disliked and 10 strongly liked .
Attribute Analysis
Three different types of samples were assessed in this study. The first type was a homemade soymilk gel formed with GDL. Another gel was made using cow s milk with GDL. The final type of gel evaluated was a combination of soymilk and cow s milk formed with GDL.
Gel nutrient analysis was performed. The concentrations of water-soluble proteins were determined with a modified method using a KN680 Kjeldahl Azotometer Alva Instrument Co., Ltd., China . The concentrations of crude fat were determined by the Soxhlet extraction method 24 using a SZF-06A crude fat tester Shanghaixinjia Electron Co., Ltd., China . The gel total ash content was determined AOAC 1990 . Moisture determination was performed with the oven drying method 25 .
Statistical analysis
All experiments were conducted in triplicate, and all of the experimental data were calculated as the means standard deviation means SD . The statistical significance was established using Duncan s multiple range tests p 0.05 . The Statistical Package for Social Science SPSS software package version 17.0 was used for statistical analysis.
RESULTS AND DISCUSSION
SDS-PAGE
In Fig. 1 , the first three lanes are reference samples containing soymilk, cow s milk and the mixture gel. The subunit compositions of the proteins fractionated from gels using GDL were calculated by densitometric analysis of the SDS-PAGE bands. Bands were identified according to the literature.
The effect of mercaptoethanol during pretreatment is to break the disulfide bonds of protein molecules. The change of band was observed in the sample of soymilk-cow s milk and GDL 0. 25 , and its acceptability of 0.25 was the highest value found. Therefore, the acid subunit A of 11S weakened Lane 4, Fig. 1 that presented after migration represented depolymerized proteins and changes in protein subunits after gelling in comparison to the bands in the reference lanes Lanes 1-3, Fig. 1 . In milk fat, whey proteins and caseins are present on the surface of a fat globule. The pH decrease caused by adding GDL could reduce the electrostatic repulsion between the caseins in cow s milk to form aggregation and β-lactoglobulin had good cohesion and form gels easily and had effect on the structural change and sensory quality 26, 27 . In the gel with GDL, most of the proteins that migrated were derived from cow s milk, specifically, caseins and β-lactoglobulin. The bands were identified according to the literature 28, 29 . The results suggested that intermolecular interactions, such as hydrophobic interactions and disulfide bonds 30 , were the most important driving forces that resulted in the association of soymilk and cow s milk proteins in the gels.
Textural properties of gels
Textural analysis was performed to evaluate the quality of the gels. The gels were refrigerated for 2 h, and then, the textural properties were determined. The results suggested that the observed texture properties were mainly caused by a pH decrease as GDL hydrolysis produces H , and the pH could affect intramolecular and intermolecular interactions 31 . The hardness corresponded to the strength of the gel structure. Springiness was a measure of how easy it is for the gel structure to be broken into a few large pieces. Cohesiveness is a measure of the degree of difficulty of breaking down the gel s internal structure 32 .
The textures of the gels from cow s milk and soymilk were strongly influenced by GDL addition, as shown in Table 1 . Cohesiveness was unaffected by the concentration of GDL. Gels with higher concentrations of GDL had higher adhesiveness, with 0.25 GDL having the highest value.
Intensive protein aggregation may have resulted in coarse aggregates and increased gel matrix opening 33 . A poor structure may explain a poor water holding capacity. For hardness, 0.35 was statistically not different from 0.25 and 0.30 . However, the index of the enjoyable springiness and chewiness of gels produced with different GDL contents can lead to positive taste results. Numerous researchers have studied the relationship between the sensitivity of protein to coagulation and gel structure as well as its quality. In this study, sensory evaluation was performed to further verify the textural properties of gels. In general, GDL addition had an important effect on improving the gel properties. Therefore, the WHC and texture properties of the gels were significantly improved for gels with the appropriate amount of GDL, which is consistent with a previous report 34 .
WHC
Water holding capacity WHC , which is used to estimate the binding capability of soymilk-cow s milk gels with GDL, is an essential index to evaluate the quality of gels. Better water holding properties of gel products indicates a higher bound water content in the specimen, which can induce better product flavor, smell and taste without emulsion breaking.
The WHC of the gels with different GDL contents did not show significant differences p 0.05 . The WHC of gels with 0.30 GDL was better than that of others gels, as shown in Fig. 2 . Proteins can form different types of gel structures and thus have different applications in food 35 .
After addition of GDL, the surface charges of denatured soymilk proteins are neutralized or screened. Weak interactions are predominant among soymilk proteins as electrostatic repulsion decreases. The soymilk proteins subsequently form a three-dimensional configuration driven by the increase of surface hydrophobicity and free sulfhydryl content of soymilk proteins 36 . The tertiary structure of cow s milk protein is a three-dimensional structure due to non-covalent interactions between the side chains of amino acids 37 . The formation of a three-dimensional network structure in gels leads to the enrichment of water through protein interactions, which significantly enhances the WHC of gels. The results suggest that the water holding capacity values were more than 80 for all samples which are consistent with Shen et al. 38 . The GDL concentration does not greatly affect WHC of gel, in contrast to the effect of salt- 
SEM analysis of microstructure
To further identify the differences between the network microstructure of gels with varying water holding capacities, gels were observed by SEM, which revealed the distribution of the protein mass. For globular protein gels, two types of networks, a random aggregation of molecules and aggregation of string of bead polymers, have been reported 39 . In our study, the gel network from cow s milk and soymilk was considered to be the random aggregation type. According to microstructural studies, it is clear that samples containing both cow s milk and soymilk proteins aggregated simultaneously, consistent with observations in gels prepared with both cow s milk and soymilk proteins by Grygorczyk 14 .
The microstructures of the gels prepared using cow s milk and soymilk with different GDL levels are shown in Fig. 3 . These images provide important information regarding the structure-texture relationships in soymilk and cow s milk gels formed with GDL. The gel with 0.10 GDL had protein particles due to protein aggregation, but did not form a network structure. The matrix structures of the network of the other gels prepared different amounts of GDL addition were more uniform and homogeneous. The results show that the holding water capacity of gels was little influenced by the content of GDL, as the gel network structures showed little change when the content of GDL was 0.25-0.35 . The microstructure differences might be responsible for the differences in the texture properties of the gels.
Particle Size Test
The particle size distribution of soymilk-cow s milk gels was measured using integrated light scattering Fig. 4 . The mean size of protein aggregates in the soymilk-cow s milk gels ranged from 10.30 to 14.31 μm. According to some studies, gel firmness correlates with the average size of protein aggregates and degree of aggregation. The mixed gel containing cow s milk and soymilk showed a bimodal distribution of sizes, with a population at approximately 3.5 μm and a second population 15μm, consistent with the results of the textural properties experiment. However, gels made with different GDL contents presented minimal particle size differences this study, as confirmed by sensory analysis of the gels.
Sensory Evaluation
In this study, the content of GDL affected WHC, particles and other physicochemical properties on the final product gels, which could also change the sensory quality. The sensory panel results of soymilk-cow s milk gels are summarized in Table 2 . All 6 gel groups exhibited differences in sensory characteristics. Firmness was not significantly different for gels with different amounts of GDL. The color and flavor scores for gels with 0.25 GDL tended to be higher than those of others, and the difference between the gel samples was significant. In general, the sensory attributes were affected p 0.05 by the content of GDL, and the panel detected a fragrance in all samples, even those with small content of GDL. Yet, the panel identified that the gel formed with 0.25 GDL had notable acceptability.
The sensory evaluation results were consistent with the gel texture properties and microstructures. Firmness showed similar trends, and the hardness property from texture analysis showed an increasing trend. The microstructure was consistent with the structural results. The gels whose voids were bigger, more uneven and poorer water holding properties or the gels whose were less water for voids and too small would lead to the poor sensory quality.
Attribute analysis
The attributes of the soymilk-cow s milk gel were compared with those of the other two gels, including the protein, crude fat, moisture and ash contents. Nutrient analysis of the three gels that were treated with the same processing condition is presented in Table 3 . Furthermore, cow s milk contains minerals, calcium, phosphorus, iron, zinc, copper, manganese, and molybdenum and is the best source of calcium for humans due to the proportion of calcium phosphate, which is conducive to the absorption of calcium 40 . According to the gel texture properties and sensory quality evaluation, adding cow s milk to the gel not only improved the nutritional value of the gel but also improved the texture attributes and sensory attributes of the soymilk-cow s milk gel.
CONCLUSIONS
The proportion and the utilization rate of amino acids could be balanced and increased the by using soymilk and cow s milk to form gels which were embodied by the key clusters interaction between isolated soybean protein and whey protein. These gels both maintained the original bean flavor, but also increased milk flavor. The results from this study indicated that the GDL influenced the quality of soy- milk-cow s milk gels. The gel mechanism had significant effects on the final structure of mixed gels. The present work was related to sensory texture data previously reported on the same system 19, 20 . Additionally, it was found that the gels adding cow s milk proteins incorporated in the gel network were capable of exhibiting more desirable texture and sensory attributes.
